Objectives-Informal reports have suggested that work as a waste collector entails exposures that cause gastrointestinal symptoms-such as nausea and diarrhoea. This study explores this hypothesis by correlating data on the type of waste collected, the persons' job function, the equipment used, and the times of the week and the year of reported nausea and diarrhoea. Methods-1747 male waste collectors and a control group for comparison of 1111 male municipality workers answered a questionnaire on work environment, work related exposure, and health status.
Several western governments have decided that a substantial proportion of domestic waste is to be recycled.' The introduction of recycling may involve separation in the household-for example, into a fraction of organic waste (for composting or biogas production), a fraction of combustible waste (for energy production), fractions of paper and of glass (for recycling), and a residual fraction. Collection of several waste fractions may prolong the collection interval from once a week to every second week or less often, creating favourable conditions for growth of microorganisms-such as Gram negative bacteria-2 and thereby formation of endotoxins' which may be a cause of gastrointestinal symptoms. 4 Previous informal reports state that there has been a high frequency of gastrointestinal problems among waste collectors,5 especially in the warm season and when collecting the organic fraction of the household waste.' However, at present only scant information is available.' Several reports exist on the relation between health and handling of waste, but most of these include workers at waste disposal' or recycling plants. 8 Gastrointestinal problems such as diarrhoea and nausea are well known problems among occupational groups exposed to high concentrations of airborne Gram negative bacteria. This is especially the case among sewage workers and employees at compost plants. 4 9 The present study examines the gastrointestinal problems among waste collectors and relates reports of nausea and diarrhoea to the type of waste collected, the persons' job, the equipment used, and the times of the week and the year.
Material and methods
The study was carried out as a questionnaire based survey in 1994 among all waste collectors in Denmark. On inquiry to all municipalities in Denmark, the total number of waste collection companies (private and public) were identified, and each company was asked for information about their employed waste collectors. The response rate among the companies was 94%. A total of 2412 waste collectors were identified from the company records, and a questionnaire was posted to them. Two reminders were sent and a telephone interview was also conducted among those who had not replied to the posted questionnaire." The data from the self administrated questionnaire and from the telephone interview were pooled according to a validation study that was carried out. ' The types of waste were: organic waste (the wet, green part of household waste, separated by the household); mixed household waste (a non-separated fraction); the residual fraction (the dry fraction remaining when the organic part of the waste has been separated); paper (separated by the household); glass (separated by the household); and garden waste (an organic fraction separated by the household).
The types of containers were: sacks made of paper or plastic; bins without wheels (closed containers made of plastic); divided or nondivided containers with two wheels (closed containers made of plastic); containers with four wheels (huge closed containers made of plastic).
The jobs were: driver; front runner (runs in front of the truck and drags the waste containers to the road); loader (takes the container at the roadside and empties it up into the truck).
Shifts between various jobs could take place during the day, from day to day, from week to week, from month to month, or never.
Many waste collectors collect different waste fractions. A correlation analysis showed high correlations (p>0.5) between collection of the organic waste and the residual fraction, and between paper, glass, and garden waste. Thus the types of waste were grouped into three waste fractions: (a) organic waste and the residual fraction, (b) mixed household waste, and (c) paper, glass, and garden waste.
The questions about the amount of time the waste collectors were working with different fractions of waste, type of containers, and jobs were grouped so that the answers "almost all day", "about 3/4 ofthe time", "about 1/2 ofthe time", and "about 1/4 of the time" were deemed to be "exposure" whereas "seldom or very little" and "never" were deemed to be "non-exposure". Exposure to the combined fraction of organic waste and the residual fraction was defined as exposed (depending upon criteria already mentioned) to either one of the fractions or to both. This was also true for the combined fraction of paper, glass, and garden waste.
Twenty people answered almost all day to all the questions about how long during a day they worked with various waste fractions, and 66 people answered almost all day to the questions about how long they worked at various jobs. Three people were in both groups. As this indicated that the questionnaire was not filled in correctly these 83 people were excluded from the analyses.
In the cases of respondents who did not indicate the amount of time spent working with specific waste fractions they were recoded as the answer never, and the control group was regarded as non-exposed.
The exposure questions were based on those from the MUSIC study." The psychosocial questions were from the Whitehall studies'4 which relates to the demand-control-support model.'5 From these questions the three psychosocial exposure measures, demand, control, and job-support were calculated'6 (M Marmot, personal communication, 1993).
Questions on health outcome The questions on health status included questions on nausea ("do you sometimes have nausea?") vomiting, and diarrhoea ("do you sometimes have diarrhoea?") However, only the symptoms nausea and diarrhoea were analysed further. For each symptom additional questions were asked about the weekly and seasonal occurrence, and whether anything at work provoked the symptoms.
The answers were dichotomised," so that the answers no, never, and yes, sometimes a year were coded as no and the answers yes Finally the risk estimates were fitted with a general modelling procedure (Proc Genmod in SAS) with binomial error and a log link function. This analysis yields as a result the prevalence proportion ratio (PPR).'9 20 For each PPR a 95 % confidence interval (95% CI) and P value for level of significance (Wald test) are shown.
To test whether there were more symptoms in the summer time than the other seasons (autumn, winter) the proportions reporting symptoms in a specific season were compared two and two. The test was regarded as a comparison of unpaired individuals.2' A similar analysis was made for the relation between season and job.
Similarly, we tested if there were more symptoms after a weekend than during the rest ofthe week (midweek, end of working week, during weekends). We also tested whether exposed or In the analysis of nausea, 1408 were entered into the model, of these 153 had symptoms. In the analysis of diarrhoea, 1467 were entered into the model, of these 275 had symptoms.
the non-exposed workers reported more symptoms after a weekend and in the summer.
Results Table 2 shows background information such as age, height, weight, alcohol consumption, and seniority among the waste collectors and the control group. Model with job functions Table 6 shows the estimated PPRs for reporting nausea for job functions, migraine status, alcohol consumption, collection of waste in non-divided containers, and the psychosocial exposure measures job demands and job support. In the test for goodness of fit P=0.52 and the area under the ROC curve was 0.7. Being a driver seemed to be associated with very few symptoms of nausea (PPR 0.74, 95% CI 0.54 to 1.00) whereas the job loader was associated with increased reported nausea (PPR 1.51, 95% CI 1.04 to 2.19). Few symptoms existed among those waste collectors who were front runners. High job demands (PPR 1.52, 95% CI 1.13 to 2.04) and low job support (PPR 1.13,95% CI 0.84 to 1.52) were also associated with reported nausea.
Seasonal and weekly variation Waste collectors reported more nausea in the summer time than the non-exposed control group (P<0.0001, table 7). In the summer collection of both organic waste and mixed household waste had more reported nausea than collection of other waste fractions (P=0.004 and P<0.001, respectively). Most of the control group indicated no seasonal relation. In the exposed groups (to either a waste fraction or a job function) a decreasing frequency of nausea was reported during the rest of the year, from summer to autumn (P<0.0001) and from autumn to winter (P=0.09). The non-exposed workers reported more nausea in the summer than in the autumn (P=0.03), and a similar amount during the autumn and winter.
As was expected more waste collectors reported nausea when returning to work after a In the groups of exposed workers (exposed to either a waste fraction or a job function) less diarrhoea was reported during the rest of the year than in the summer.
As expected diarrhoea was more prevalent among waste collectors (except among those collecting the organic fraction) when returning to work after a weekend or holiday (table 8) . Waste collectors of paper indicated that the diarrhoea was mostly not related to a specific weekday. Both the exposed and the nonexposed workers reported that diarrhoea decreased over the working week (table 8) . More of the non-exposed than the exposed waste collectors could not relate the diarrhoea to any specific weekday.
Discussion
In this questionnaire based study it was found that waste collectors reported more gastrointestinal symptoms than did municipal workers. Moreover, people collecting the organic, residual, and mixed household waste fractions reported more nausea than the non-exposed waste collectors. Loaders reported most nausea. The prevalence of nausea was highest in the summer, followed by the autumn and winter. Nausea was reported mostly to occur when returning to work after the weekend both among waste collectors and in the control group.
Diarrhoea occurred among the people collecting mixed household waste or working as either front runner or loader. The prevalence of diarrhoea was highest in the summer among those exposed to the waste fractions organic, residual, and mixed household.
Few cases of vomiting were reported, so vomiting could not be further analysed.
The findings correspond with the results of the bioaerosol measurements made in the CORE project,22 where the lowest concentration of total microorganisms, Aspergilus fumigatus, and endotoxin in the air around the truck were found in the winter. The seasonal pattern of other endotoxins22 followed the seasonal pattern of gastrointestinal problems. Bacterial concentrations showed no clear seasonal pattern. People collecting the waste fractions organic, residual and mixed household waste had a significantly increased PPR for nausea, but only the collection of the mixed household waste was associated with diarrhoea. Some of the waste collectors indicated factors in their work environment, typically the smell of rotten waste, that were possible causes of the gastrointestinal symptoms. A possible explanation for the differences between waste fractions in their association with nausea and diarrhoea might be that most waste collectors collect several types of waste, and it was difficult for them in the questionnaire precisely to indicate how much time of the day was used on each specific fraction. This will give a misclassification of the exposure, and this misclassification may alter the risk estimates. It is also possible that the concentration of bacteria in the waste is high enough to cause the non-specific symptom nausea but not high enough to induce diarrhoea.
During the working week most symptoms were reported after the weekend, which is typical for exposure to endotoxin.2" 25 This pattern occurred among both exposed and nonexposed workers, thus the symptoms were not only due to the exposures of waste collectors.
A little less than 3% of the waste collectors who reported symptoms of nausea and around 4% of those who reported diarrhoea did not indicate any seasonal or weekly pattern to their gastrointestinal symptoms. In the control group the equivalent numbers were around 6% and 7% respectively. As more people in the control group were not aware of when during a year or week their symptoms occurred, this might indicate a recall bias in the waste collector group. The size of this recall bias however, cannot be determined.
The 4% of the waste collectors and the 4.5% of the municipal workers who did not want to fill in the questionnaire but filled in the short questionnaire (about age and loin pain) did not differ from the respondents, meaning that this investigation should be representative of waste collectors."
The analysis of the association between gastrointestinal problems and specific job tasks among waste collectors produced the same resulting pattern if the control group was included in the models. This indicates that the relation that was found in this study is strong as the comparisons were made within a group. Migraine and high alcohol consumption are factors known to be associated with nausea. The estimated PPRs were high for people with migraine and for those drinking on average more than five drinks a day. Finding this tendency in our study indicated that the questionnaire reliably identified gastrointestinal problems.
Measures on the psychosocial work environment were included in the final models of the relation between exposure and nausea and diarrhoea. This means that the relation that still exists when psychosocial factors were included must be explained by factors other than the psychosocial factors high job demands and low job support. Thus, gastrointestinal problems among waste collectors may be reduced not only by reduction in physical exposure but also by changes in the psychosocial work environment-for example, by changes in the work organisation.
Conclusion
This study showed a causal relation between gastrointestinal problems and the job as a waste collector. Moreover more symptoms occurred during the summer.
The present study is part of the 1993-8 research programme waste collection and recycling (CORE), which is supported jointly by the Danish Ministry of the Environment and the Ministry of Labour.
